United States, where it frequently occurs in association with ponderosa pine (Pinus ponderosa). Fire suppression and fuelwood harvest likely have reduced oak abundance within the pine-oak type. Gambel oak occurs in multiple age-related growth forms, from small shrubs to large, old trees, and may provide important foraging and nesting habitat for breeding birds. I compared attributes of breeding bird communities in 16 northern Arizona ponderosa pine stands from 1993-1995, that were structurally similar except for the presence or absence of Gambel oak. Overlap in bird species composition was high; pine and pineoak stands had a mean Jaccard similarity value of 0.67. Five species were unique to pine stands, whereas 10 species were largely restricted to or only found in pine-oak stands. Overall bird diversity was significantly higher in pine-oak stands, which also had more species of Neotropical migrants, ground nesters, primary cavity excavators, and secondary cavity users than did pine stands. Pine and pine-oak stands had similar species evenness and similar rates of annual species turnover. Total bird abundance did not differ between cover types; however, primary cavity excavators were more abundant in pine-oak stands. Because of the apparent positive influence of oak on breeding birds, forest managers are encouraged to use treatments that retain and enhance the various growth forms of Gambel oak found in pine-oak stands.
INTRODUCTION
Gambel oak (Quercus gambelii) is widely distributed in lower transition zone vegetation types of Southwestern North America, primarily in Colorado, Utah, Arizona, and New Mexico (Harper et al. 1985) . At elevations of 2,000-2,800 m, Gambel oak frequently is associated with ponderosa pine (Pinus ponderosa) (Hanks et al. 1983 ). In central and northern Arizona, pure ponderosa pine stands have relatively simple physiognomy, consisting of various-aged ponderosa pine trees and an open herbaceous understory (Hanks et al. 1983) . Where Gambel oak is present, it dramatically changes the structure of the stand. Gambel oak occurs in multiple age-related growth forms, including shrub-like young plants, saplings, and trees up to 90 cm in diameter. In some pine-oak stands, Gambel oak may comprise up to 30% of total tree basal area (Reynolds et al. 1970 ).
For many years, Gambel oak was considered a "pest" species and considerable effort was de- This study was initiated in 1993 as part of a larger project examining habitat relationships of breeding passerine birds in ponderosa pine forests of northern Arizona (Rosenstock 1996) . My objective in the present study was to quantify the influence of Gambel oak on breeding bird communities. I predicted that the presence of Gambel oak would alter the composition of the breeding avifauna, and that it also would increase avian abundance and diversity. My null hypothesis was that there were no significant differences in bird community variables between ponderosa pine stands that were structurally similar except for the presence or absence of Gambe1 oak.
METHODS

STUDY AREA
Research was conducted on the Coconino National Forest and Camp Navajo, an Arizona Army National Guard facility. Both study areas were within a 60-km radius of Flagstaff, Arizona. The study areas have a long history of commercial sawtimber harvest, beginning in the late 1800s (Scurlock and Finch 1997) . Common silvicultural treatments have included single-tree selection, shelterwood, group selection, patch cuts, and pre-commercial thinning (Schubert 1974). Non-sawtimber products (pulp, fuelwood, poles, and Christmas trees) have comprised a large proportion of wood fiber harvest in recent years (Raish et al. 1997 ). Wildfires on the study areas have been actively suppressed since the late 1800s. Prescribed fire was used in some areas, primarily for removal of woody debris resulting from timber harvest and thinning activities. The study areas have been grazed in summer by domestic livestock (primarily cattle) since the 1800s.
Data were collected from 1993-1995 in 16 stands representing two naturally occurring forest cover types: ponderosa pine and ponderosa pine-Gambel oak. Both cover types had an herbaceous understory dominated by grasses, primarily Arizona fescue (Festuca arizonica) or blue grama (Bouteloua gracilis). Eight stands were located within the pine cover type, and eight were in the pine-oak type. Stands were defined as contiguous areas of structurally similar forest 2 20 ha in size. Study stands in both cover types occurred on similar aspects and topographic positions, and on sites of comparable growth potential (site index). The two groups of stands were not significantly different with respect to the density of ponderosa pine, pine canopy cover, pine diameter, pine basal area, and density of snags (Table 1) . These habitat variables were correlated with many breeding bird community attributes across a larger set of study stands (Rosenstock 1996) . Stands in the pine- oak cover type had a well-developed Gambel oak component that included shrub-like and tree growth forms (Table 2 ). Gambel oak was absent from all stands in the pine cover type. To minimize potential confounding by recent habitat disturbance, I selected study stands that had no fire, commercial sawtimber harvest, or other silvicultural activity for 2 5 years prior to, and throughout the duration of the study. 
DATA ANALYSIS
Similarity in bird species composition between stands in pine and pine-oak cover types was measured with Jaccard' s Index (J) (Ludwig and Reynolds 1988) . Total density was calculated as summed density index values for all species present within a stand. Metrics describing diversity, evenness, and species turnover were used to quantify community structure. I used Hill' s diversity number Nl as a measure of species diversity. Nl represents the number of "abundant" species in a given sample, and is more directly interpretable than dimensionless diversity indices (Ludwig and Reynolds 1988) . The modified Hill' s ratio E5 was used as a measure of evenness among species' relative abundances. E5 approaches zero as a single species becomes numerically dominant, and unlike other commonly-used evenness indices, is relatively insensitive to differences in species richness (Ludwig and Reynolds 1988) . Percent annual turnover in overall species composition was calculated following Diamond (1969).
I divided breeding avifauna into two classes based upon migration patterns. Classes were: (1) species that occur year-round in the study area or migrate short distances to wintering habitats within the continental U.S. (hereafter referred to as residents), and (2) species that migrate into Mexico and Central America (Neotropical migrants). I also classified the breeding avifauna with respect to nest location (ground, foliage, or tree cavity). Cavity nesters were further divided into species that excavate their own nest cavities (cavity excavators) and species that use previously excavated cavities (secondary cavity users). Finally, I examined the subset of breeding species that forage primarily by gleaning insects from tree and shrub foliage (foliage gleaners). Guild assignments were based upon Szaro and Balda (1979), Ehrlich et al. (1988), Corman (1996), and observational data collected during this study.
I used repeated measures analysis of variance (Neter et al. 1990 ) to compare bird assemblage variables between pine and pine-oak cover types, using stands as replicates, cover type as the main effect, and year as the repeated measures factor. Interactions were tested with the multivariate Wilk' s Lambda statistic. Main effects and interactions were considered significant at P 5 0.05.
RESULTS
SPECIES COMPOSITION
I observed 42 breeding bird species during point counts (Table 3) ; of these, 25 were resident species and 17 were Neotropical migrants. Seven species were ground nesters, 20 were foliage nesters, 5 were cavity excavators, 9 were secondary cavity users, and 1 parasitized ground and foliage nests of other species (Table 3) .
A total of 36 breeding bird species was found in the pine cover type, and 37 species in pineoak. Overlap in species composition between cover types was high, mean (2 SE) similarity between pine and pine-oak stands was J = 0. (Table 3) .
DIVERSITY
Breeding bird diversity was higher (F, ,4 = 16.7, P < 0.001) in pine-oak compared to pine stands (Table 4) . Pine-oak stands also had more species of Neotropical migrants (F,,,, = 12.1, P < O.Ol), ground nesters (F,,,, = 5.4, P < O.OS), cavity excavators (F,,,, = 4.5, P < O.OS), and secondary cavity users (F,,,4 = 9.0, P < 0.01) than did pine stands. Species richness of residents varied among years (F2,28 = 12.1, P < 0.01). Species richness did not differ between cover types for resident species (F,,,, = 2.5, P > 0.05), foliage gleaners (F,,,, = 3.8, P > O.OS), and foliage nesters (F,,,, = 1.5). Pine and pine-oak stands also were not significantly different with respect to evenness (F,,,, = 0.6) and annual species turnover (F,,,, = 0.1). All year x cover type interactions for the above response variables were nonsignificant (P > 0.05).
DENSITY
The most abundant birds in both cover types were resident species (Table 4) 
DISCUSSION
My results suggest that although ponderosa pine and ponderosa pine-Gambel oak forest stands in northern Arizona support similar breeding bird assemblages, they differ with respect to species composition and diversity. Previous studies in northern Arizona forests have reported apparent correlations between bird abundance and Gambe1 oak. O' Brien (1990) reported that three secondary cavity nesters (Pygmy Nuthatch, Whitebreasted Nuthatch, and Mountain Chickadee) were more abundant in a study area that had a more well-developed Gambel oak component, compared to another site with fewer oaks. Brawn and Balda (1988b) found that insectivorous bird species were more abundant on a study plot with higher Gambel oak density, compared to another plot that had fewer oaks, but similar numbers of live pines and snags.
Unmeasured habitat characteristics or abiotic factors may have influenced apparent differences in breeding bird assemblages between pine and pine-oak stands. Although not statistically significant, the two groups of stands differed in the density and basal area of ponderosa pine, which may have affected habitat suitability for some species. However, stands were quite similar with respect to pine canopy cover, pine diameter, and snag density; habitat characteristics that were correlated with many breeding bird community attributes across a larger set of study areas (Rosenstock 1996) . Therefore, the observed differences were due at least in part to the presence or absence of Gambel oak. The influence of Gambel oak on breeding birds likely is due to the additional nesting and Compared to pure ponderosa pine stands, pine-oak stands had higher breeding bird diversity and more species of Neotropical migrants, ground nesters, primary cavity excavators, and secondary cavity users. Five Neotropical migrants that were considerably more common in, or restricted to the pine-oak cover type are species of special management concern in Arizona and New Mexico (Cordilleran Flycatcher, Warbling Vireo, Virginia' s Warbler, Red-faced Warbler, and Black-headed Grosbeak; Hall et al.
